A number of radioactive isotopes in the rare earth region have been investigated by using the atomic -beam magnetic-resonance technique. The total electronic angular momentum ( J) and the atomic g value ( g J) have been determined for some low-lying levels in, Pm, Dy, Ho, and Er. These obs ervations are consistent with the following ground-state assignments: Pmi-- 
INTRODUCTION
The elements with atomic numbers Z =57 through 71--commonly known as the rare earth elements--exhibit a similarity in their chemical properties, and therefore occupy an unusual place in the periodic table. This 
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Experimental work by optical spectroscopy to determine the ground-
state assignments of the ~are e~rths has been inhibited because. of the lack of well-separated rare earth samples and the enormous complexity of the observed spectrum, wi~h the resultant difficulty in classifying lines. Hence, although spectroscopic measurements on the rare earths were made as early as 1912, by 1942 the ground-state configurations could be considered estab-4 lished for only seven of these elements.
The war brought about the development of ion-exchange techniques for perfortning the separations necessary to obtain highly purified rare earth 'samples. However, although much progress has been made in classifying the lines of several rare earths· and in measuring hyperfine structures and isotope shifts, only cine additional configuration has ' 5 been established--that of neodymium.
The establishment of configurational assignments by the atomic-beams method rests on the ability to make direct measurements of the electronic angular momentum (J) a;nd the g value for the state (g 3 ). This technique has been used effectively to establish the configuration of several elements in the actinide series. 6 Because of the precision with which the g values can be obtained, the relative strengths of the spin-orbit and Coulomb interactions as 7 well as the corrections brought about by relativity effects can be estimated.
in this paper, we report ·the measurement of the J and g J values of ,., a number of rare earth elements and the configurational assignments inferred frorri them. In addition, a summary is given of some results obtained by other atomic-beam groups and by optical spectr'oscopyon the electronic structure of the rare earths. Finally a number of nuclear spins of neutron-produce~ isotopes scattered throughout the rare earth region are reported. Since in this region large deformations of nuclei become important, these spin values are expected to serve as a test for the applicability of the shell model and of the collective model, 
UCRL-9225 EXPERIMENTAL METHOD
The measurements were all performed on neutron-activated radioactive isotopes by using the atomic beam method of Zacharias. 8 By this · method, resonances are observed when the frequency of the applied rf is equal to the prec·e'S'sional frequency of the atom in the applied magnetic field (H). At applied fields small enough that the nuclear spin (I) can be regarded as coupled to the electronic angular momentum (J) to form a total angular momentum (F), this precissional frequency (v) is given by
where gJisthe electronic g value and (f.L 0 /h) is the Bohr magneton divided by Planck's constant. A term in the nuclear magnetic moment has been neglected.
Equation 1 provides the basis for the determination of all three quantities: g J' J, and I. We note, however, that for a spin-zero nucleus, F equals J, and no information can be directly obtained concerning the J value.
Details of the apparatus and procedure used in these measurements are described elsewhere. 9
BEAM PRODUCTION AND DETECTION
All the isotopes investigated were produced by neutron activation of some stable rare earth. In general, a quantity of the appropriate material (from 3 0 to 100 mg) was encapsulated in quartz and irradiated with an integrated neutron flux sufficient.td produce about 100 mC of the desired activity.
With one exception, the irradiated material was obtained commercially in the form of the pure metal with the natural isotopic abundance. In order to obtain increased specific activity, isotopically enriched Nd 150 obtained in the oxide form was neutron-activated; Promethium-151 resulted from beta decay of the nucleus produced from the neutron activation.
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The irradiated material was placed in a small tantalum cup with a sharp lip designed to prevent creep. The cup was placed in a tantalum oven which was then heated in the atomic-beam apparatus to beam temperatures. In all cases, the radioactive beam was collected on freshly flamed, uncooled, platinum foils. The collection efficiency is at least 25o/o, possibly 100%, and very highly reproducible. The radioactive deposit was measured by placing the foils in methane-filled proportional chambers and observing the beta decay.
It

EXPERIMENTAL RESULTS
The isotopes investigated include 50- The average value of gJ and corresponding value of J for each observed level are summarized in Table II , and all spin values are given in The spin values are uniquely determined in all cases above except for the spin-zero results. With the technique employed here, one can not distinguish between a spin of zero and an extremely small magnetic moment.
If the hyperfine structure is much smaller than the line-width, the resonance frequency becomes independent of the spin, within the experimental uncertainty.
This means that if the spin of Dy 166 and Ho 166 is not zero, the moments can -4 at most be of the order of 10 n. m.
ELECTRONIC GROUND STATES
In In Table IV ill 1gs. an t e Sing e-parhc e eve. s are p. ot e as a function of the deformation parameter, 6, for the odd-neutron and oddproton cases, with 82 <N< 126 and 50< Z<82, respectively. 21 The limit 6 = 0 gives the shell model, and the quantum numbers in this limit are the orbital angular momentum, J., and the total angular momentum, j. In the limit of large deformations, the appropriate quantum numbers are [ Nnz A] n, where N is the total oscillator quantum number, nz is its component along the z axis, and l\. and n are respectively, the components of the orbital angular momentum and the total spin along the nuclear symmetry ·axis. In Table III , we give the measured spin for each isotope, the state of the last odd particle from the appropriate nuclear model, and, if available, the spin prediction from beta decay. The agreement with the bata decay is respectively. Thus the state assignment for the ninety-ninth, one-hundredfirst, and one-hundred-third neutrons is very probably the same in these pairs of isotopes as those given in the ones in Table III Q..
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